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Goal

• Review and evaluate the dual crop coefficient 
method implemented in SIMPLACE

• Update SimComponent Documentation 
(https://simplace.net/doc/simplace_modules/)

https://simplace.net/doc/simplace_modules/


ETc = (Kcb + Ke) ETo

Allen et al. (1998). “Crop Evapotranspiration-Guidelines for Computing 
Crop Water Requirements-FAO Irrigation and Drainage Paper 56.” Fao.
Freely available at: https://www.fao.org/3/x0490e/x0490e00.htm

https://www.fao.org/3/x0490e/x0490e00.htm


Required information for daily calculations:

- Weather data: 
- Srad, Tmax, Tmin, Prec, RelHum, Wind

- FAO crop development stages + DAP:
- 1: initial, 2: crop development, 3: mid-season, 4: late season

- Kcb coefficients by stage:
- Kcb(ini), Kcb(mid), Kcb(end)

- Canopy Height 
- mid-stage and daily

- Topsoil water holding capacity

ETo
Atm Corrections

Soil Cover Frac
Atm Corrections

WP, FC, Z(evap) Soil evaporation



Calculation steps:

a) Determine ETo

b) Determine 4-stage development lengths
- Length in days

c) Calculate basal crop coefficient (Kcb)

d) Calculate soil evaporation coefficient (Ke)

Atmospheric Correction “Characteristic” RHmin, u2, h

Atmospheric Correction

Soil Water Balance



Implementation in 
Goal:

Fractionate the potential evapotranspiration (ETp) between crop 
transpiration (Tp) soil evaporation (Ep): ETp = Ep + Tp

Main Assumption:

Crop DVS and LAI as proxy for the FAO’s scale of crop development:

- When DVS < 0.001 (before emergence): 
Kcb = Kcb_ini (typically = 0)

- When DVS >= 0.001 (after emergence):
Kcb = Kcb_ini + (Kcb_full – Kcb_ini) * (1-exp[-k * LAI])



Implementation in 



Testing against ETc data

Two sites in Nebraska (USA) with maize crop 
under fully irrigated conditions

• Fluxnet sites US-Ne1 and US-Ne2

• 17 crop seasons

• Latent heat flux

• Meteorological variables

• LAI and h measurements

• Williams et al. (2017)



Simulation Workflow
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Preprocess

DVS, DoSow and DoHarvest

DVS

DoSow

DoHarv

Rscript

Temperature

CSV file



CSV file

Preprocess

DAILY LAI

LAI

Rscript

GAUSS ~ DOY



Performance (Default)

rmse r2 d

2.560792 0.343478 0.738828



rmse r2 d

2.682327 0.516944 0.770932

Performance (Calibrated)



Performance (Calibrated)



Caveats

- Definition of ETc and the reduction coefficients 
(iK_s and iK_r)

- Correction for characteristic RH_min, u2 and h

- Ritchie equation relating Kcb ~ LAI



Definition of ETc and the reduction 
coefficients (iK_s and iK_r)

• This SimComponent was initialy implemented to simulate potential 
rates. 

• iK_r and iK_s are to scale the potential rates of soil evaporation and 
transpiration

• Evapotranspiration definitions:
– ETC: “Crop evapotranspiration under standard conditions" (Allen et al., 1998)

• ETC = Actual Soil Evaporation + Potential Crop Transpiration

– ETP: Pontential evapotranspiration
• ETP = Potential Soil Evaporation + Potential Crop Transpiration

iK_r ≤ 1
iK_s = 1

iK_r = 1
iK_s = 1

To compare 
measured ETC with 

simulated ETC a 
waterbalance must 

be coupled to 
provide iK_r ≤ 1



• Evapotranspiration definitions:
– ETC: Crop evapotranspiration under standard conditions (Allen et al., 1998)

• ETC = Actual Soil Evaporation + Potential Crop Transpiration

– ETP: Potential evapotranspiration
• ETP = Potential Soil Evaporation + Potential Crop Transpiration

iK_r ≤ 1
iK_s = 1 To compare 

measured ETC with 
simulated ETC a 

waterbalance must 
be coupled to 

provide iK_r ≤ 1

Definition of ETc and the reduction 
coefficients (iK_s and iK_r)



No topsoil water balance (Kr = 1)



With topsoil water balance (variable Kr)



Model RMSE r2 d

Without topsoil WB 2.68 0.52 0.77

With topsoil WB 1.24 0.77 0.93



Correction for characteristic RH_min, u2 and h

• Kcmax = 1.2 + (0.04*(u2-2) - 0.004*(RH_min - 45))*(h/3)^0.3

• KcbFull = cKcbMid + (0.04*(u2-2) – 0.004*(RH_min – 45))*(h/3)^0.3

• How to convert the crop model development scale into the FAO-
development scale (ini, dev, mid, late)?

• How these correction affect the dynamics of ET? Can we trust when 
this correction is performed for out-of-bounds conditions?

• If modelers inform measured Kc or Kcb value it may already represent 
the environmental characteristic of the source site.



Sensitivity of KcbFull

KcbFull = cKcbMid + (0.04*(u2-2) – 0.004*(RH_min – 45))*(h/3)^0.3



Sensitivity of other variables



Testing it against field data

• KcFull = ETc/ETo when LAI > 0.95*max(LAI)



• Use this corrections with caution as it may increase model complexity without
gaining performance (keep the default values)

• When Kc are calibrated or obtained from field experiment, this corrections may not
be necessary

Testing it against field data

Adapted equation



Kcb ~ LAI

• Explicitly separate crop transpiration and soil evaporation
• More flexible as k is no longer hardwired (0.7)



LAI k Kcb

6.1 0.50 1.0957

6.1 0.60 1.1205

6.1 0.70 1.1340

6.1 0.80 1.1413

6.1 0.90 1.1453

6.1 1.00 1.1474

KcbMid = 1.15

“For LAI > 3, Kcb mid ~ Kcb full. The LAI 
used in Equation 97 should be the 'green' LAI 
representing only healthy leaves that are 
active in vapour transfer.” (Allen et al., 1998)

Kcb ~ LAI



Updates
SimComponent modifications:

- cKcbIni instead of KcIni in equation relating Kcb ~ LAI (Avoid T when LAI =0 & 
explicitly separate T and E)

- The harwired "0.7" converted to a user-specific parameter (cK) (+ Flexibility 
and consistency with light interception dynamics)

Bugfixes:

- (Kcb – Kcmin) constrained to 0 for numerical stability (Avoid NaN at early 
stages)

Updated Documentation

- Updated wiki (https://simplace.net/doc/simplace_modules/), document file + 
this ppt in simplace_doc (SVN)

https://simplace.net/doc/simplace_modules/


Thank you!
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Extra Slides



Different ETo



SimComponent Outputs





Ritchie equation



Soil evaporation coefficient (Ke)
Atmospheric Correction

Soil Water Balance

• Difficult to understand the dependency between fc and Kcb
• It becomes even more complex if canopy height is not default (h=0) due to term

^(1+0.5*h) used to determine fc
• This reinforces the recommendation of keeping the default values of

cCharacteristicMeanRelHumidity, cCharacteristicWindspeed, cCropHeight.

Kcb ~ LAI

Crop transpiration (Kcb)


